Introduction This study aimed to define the patterns of basal cerebral venous drainage (BCVD) from cavernous sinus dural arteriovenous fistulas (CSDAVFs). Materials and methods Forty sets of selective angiographic data from 36 patients with spontaneous CSDAVFs (age range, 53-79 years) were retrospectively analyzed for their drainage patterns. Three types of BCVD were observed, i.e., superolateral type, BCVD via the deep middle cerebral vein or uncal vein; posterolateral type, BCVD via the superior petrosal sinus and petrosal vein; and posteromedial type, BCVD via the bridging vein and the anterior pontomesencephalic vein. MR images and/or 3D-DSA images were also reviewed when available. Results BCVD from CSDAVF was found in 12 patients (30%), and the other drainage routes included the superior ophthalmic vein in 25 (63%), the inferior petrosal sinus in 17 (43%), the superficial middle cerebral vein in 17 (43%), intercavernous sinus in 15 (38%), the superior petrosal sinus in seven (18%), and pterygoid plexus in two (5%), respectively. In 12 patients with BCVD, superolateral type was found in four (33%), posterolateral type in five (42%), and posteromedial type in seven (58%). Four cases of posteromedial type were associated with other types of BCVD. Conclusion CSDAVFs are often associated with BCVD via three different pathways. The posteromedial type via the bridging vein is the most frequent type of BCVD.
Introduction
Cavernous sinus dural arteriovenous fistulas (CSDAVFs) are generally considered as a benign type of intracranial DAVFs because the cavernous sinus (CS) has large and multiple extradural drainage routes including the inferior petrosal sinus, superior ophthalmic vein, superior petrosal sinus, pterygoid plexus, and intercavernous sinus [1] . However, aggressive symptoms such as brain edema, venous infarction, and/or hemorrhage can occur associated with dangerous venous drainages of retrograde cortical venous drainage via the superficial middle cerebral vein (SMCV) and basal cerebral vein (basal vein of Rosenthal) [2] [3] [4] [5] [6] [7] . Among these dangerous venous drainages, the superficial drainage route of the SMCV has been well recognized [8, 9] . However, basal cerebral venous drainage into the basal cerebral vein from CSDAVFs has not been documented in detail. In this study, we retrospectively analyzed the frequencies and patterns of basal cerebral venous drainage routes in CSDAVFs.
Patients and methods
We retrospectively analyzed 36 consecutive patients with spontaneous CSDAVFs who underwent cerebral angiography between August 1999 and July 2007, and reviewed their imaging findings. Patient age ranged from 53 to 79 years (mean age, 61 years), and there were six males and 30 females. Selective digital subtraction angiography of the internal and external carotid arteries and the vertebral artery were performed in all patients using biplane angiography equipments (Advantx LCN plus, GE Medical Systems, Milwaukee; Infinix VB, Toshiba Medical, Tokyo). Threedimensional reconstructed images of rotational angiography (3D-DSA) were obtained in 15 patients. Each patient gave written informed consent before examinations. Among 36 patients, 26 patients were treated by transvenous embolization and three patients by stereotactic radiosurgery, and the remaining seven patients were observed without treatment.
Forty sets of selective cerebral angiographic data including bilateral external and internal carotid angiography and ipsilateral vertebral angiography before treatment were reviewed by two experienced neuroradiologists, with consensus. In four of the seven patients untreated, followup angiography showed significant changes of the drainage pattern of CSDAVF were also reviewed. MR angiography, post-contrast fat-suppressed 3D gradient echo MR images, 3D-DSA images, and selective venography of the cavernous sinus during transvenous embolization were also reviewed when available.
Basal cerebral venous drainage routes were classified into three types based on cerebral angiographic findings and additional imaging findings (Fig. 1) . Superolateral drainage involved the DAVF draining from the CS superolaterally via the superficial middle cerebral vein and into the deep middle cerebral vein or the uncal vein connecting to the basal cerebral vein (Figs. 2 and 4c ). Lateral drainage was characterized by the DAVF draining posterolaterally via the superior petrosal sinus and petrosal vein into the lateral mesencephalic vein into the basal cerebral vein (Fig. 3) . Finally, posteromedial drainage involved the DAVF draining from the cavernous sinus posteromedially via the prepontine bridging vein to the anterior pontomesencephalic vein connecting to the basal cerebral vein (Fig. 4) .
Results
All drainage routes analyzed from the 40 sets of angiography in the 36 patients are summarized in Table 1 . Basal cerebral venous drainage from CSDAVFs was observed in 12 patients (30%). Basal cerebral venous drainage was also associated with other drainage routes and was more frequently observed in cases with occlusion of the inferior petrosal sinus. There were ten of 24 (42%) cases with occlusion of the inferior petrosal sinus versus two of 16 (25%) cases with patent inferior petrosal sinus. Additional or alternative drainage routes included the superior ophthalmic vein in 25 (63%), inferior petrosal sinus in 17 (43%), superficial middle cerebral vein in 16 (40%), intercavernous sinus in 15 (38%), superior petrosal sinus in seven (18%), and pterygoid plexus in two (5%) patients.
Among the basal cerebral venous drainage cases, the superolateral type was found in four (33%), posterolateral type in five (42%), and posteromedial type in seven (58%) patients (Table 2 ). Four cases of the posteromedial type were associated with other types of basal cerebral venous drainage (superolateral type in three and posterolateral type in one; Fig. 4 ). One patient with superolateral type of basal cerebral venous drainage showed hemorrhagic infarction of the deep 
Discussion
Symptoms of DAVFs are related to the types of venous drainage [1] . Retrograde cortical venous drainage through the SMCV and basal cerebral venous drainage into the basal cerebral vein and/or veins of the posterior fossa have potential risks of aggressive symptoms [2] [3] [4] [5] [6] [7] . In basal cerebral venous drainages, hemorrhage and/or venous infarction can occur in deep areas of the brain, e.g., brain stem hemorrhage can cause fatal damage. In a recent study of 58 patients with CSDAVF, cerebral symptoms of hemorrhage, infarction, or venous congestion in the basal ganglia, brain stem, or cerebellum were found in 5% of patients and were significantly associated with cortical and basal cerebral venous drainages [6] . Anatomically, the CS potentially communicates with the basal cerebral vein via several venous anastomoses [10] . In the embryonic periods, the cortical and pial veins developing into the SMCV are connected with the transverse sinus through a primitive tentorial sinus. The SMCV anastomoses with the cavernous sinus at the anterolateral aspect after developing to the prenatal stage or after birth [11] [12] [13] . The tentorial sinus regresses, and the cavernous sinus becomes the main drainage sinus from the SMCV in adults. During the development of the CS and SMCV, the deep pial veins of the deep middle cerebral vein and uncal veins communicate with the SMCV or CS at the anterolateral aspect of the CS. The basilar vein develops in the secondary longitudinal anastomoses between several separate components of the deep pial veins such as the deep telencephalic vein which forms the deep middle cerebral vein and the anterior cerebral vein. Therefore, the basal cerebral vein can involve pial anastomoses with superficial cerebral veins in both the cerebral and cerebellar fossae via the deep middle cerebral vein, uncal vein, anterior pontomesencephalic vein, and lateral mesencephalic vein. These anastomoses may provide pathways from the CSDAVFs. In this study, basal cerebral venous drainage could be classified into three types, i.e., the superolateral, posterolateral, and posteromedial types. The superolateral drainage type involves draining routes from the cavernous sinus through the SMCV and deep middle cerebral vein and/or uncal vein to the basal cerebral vein, and was found in 10% of CSDAVFs. A study involving the surgical observation of the SMCV demonstrated communication between the SMCV and the deep middle cerebral vein in 39 (45%) of 82 hemispheres [14] . Although the superolateral type is relatively well known as a typical basal cerebral venous drainage, it was less frequently observed than the other types, in our present study. The posterolateral type involves draining routes from the cavernous sinus through the superior petrosal sinus, petrosal vein and lateral mesencephalic vein and/or anterior pontomesencephalic vein to the basal cerebral vein, and may also drain into the cerebellar veins. Some authors mentioned that this type of deep drainage results in potential risks of cerebral symptoms [6, 15] . The posteromedial type is characterized by a draining route from the cavernous sinus via the prepontine bridging vein, transverse pontine vein, and/or anterior pontomesencephalic vein into the basal cerebral vein. Although only few case reports have described the posteromedial type of venous drainage via the prepontine bridging vein, it was the most frequently (18% of all CSDAVFs) observed in our study [3] . Matsushima et al. reported that the bridging veins run from the anterior pontomesencephalic vein or transverse pontine vein to the posterior portion of the cavernous sinus just below the Meckel's cave [16] . They showed that bridging veins to the cavernous sinus were identified in 12.5% of 25 adult cadavers. For the treatment of CSDAVFs by transvenous embolization, it is important to recognize that the three types of basal cerebral venous drainage routes originate from different portions of the cavernous sinus of the superolateral part including the SMCV, posterolateral part of the superior petrosal sinus, and posteromedial part adjacent to the inferior petrosal sinus. The outlet of these basal cerebral venous drainages should be infallibly occluded during transvenous embolization. Residual DAVFs with one type of these basal cerebral venous drainages have a high risk of cerebral or brain stem edema or hemorrhage when transvenous embolization results in incomplete occlusion of CSDAVF with residual basal cerebral venous drainage. Kim et al. reported transvenous embolization of CSDAVFs in 57 patients and showed that venous congestion of the posterior fossa after transvenous embolization developed in two patients [17] . The basal cerebral venous drainage routes can be overlooked in most cases of CSDAVF with multiple venous drainages because these veins are often tiny and can be superimposed by cerebral arteries and other drainage veins. Therefore, basal cerebral venous drainage types should be carefully evaluated before and during transvenous embolization of CSDAVFs. 3D-DSA would be helpful in evaluating the basal cerebral venous drainage in detail.
In conclusion, basal cerebral venous drainage is frequently associated with CSDAVFs which can drain via three different pathways. The careful assessment of drainage routes including basal cerebral venous drainage is required for successful treatment of CSDAVFs.
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